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SUMMARY

Tind—~tunnel and flight tests were made to determine
the pnerformance characteristics of two designs of commer-
cially available venturi tubes uUsged in airplanes to operate
alr-driven gyrosgcoplc instruments. - T

For constant values of the ratio of suction to atmos-
pheric pressure, the air flow is approximatsly a linear
function, indevendent of altitude for a double venturi -
tube, of the product of the indicated air gspeed and the - D
square root of the ratio of standard alr preéssure %o the T
atmospheric pressure. Consequentiy, data obtained at sea
level may be used to maké approximate predictions of per-—
formance at higher altitudes. There is some¢ indication
that this mny be also done for single venturl tubes.
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For o given installation in which an air-drivon in-
strumont is connectod throuzh tubing with a venturi tube,
the volume rate of induced air flow is approximately pro-
portional to the product of indicated air sveed and the T -
sqguare root of the ratio of standard to amblent air pres-— N -
sure. The officiency of such a s;stem at a glven 11t1tude
igs congtant. ; s

Rather large veoriations in suction and efficiency were
found for individual tubes of the same desivna Cylindriecal
foiring on the externnl surfaceé resulted in a reduétion of
both drog and suction but little change in efficiency. ) -
The effect of large angles of pitch or yaw wag small. Heas-
urements were also made of tnc Dressure slong the wall of ! :
the tube. T oz= =

IFPRODUCTION ' -Ti

Venturi tubes are used in many airplenes to operate
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air-driven gyroscopic instruments. The operating efficien-
cy of venturi tubes ig known to be low in comvarison with
that of vacuum pumps of the digplacement type but their
mecnanical simplicity and low first cost have—furthered
their continued use., Although some data on the performance
of venturi tubes as vacuum pumps have been publighed (ref-
erenceg 1, 2, and 3), it was considered desirable to under-—
take an experimental study of the performance characteris-
tics of venturi tubes now being used. 4As part of this
study, two types of commercially available venturi tubes
were subjected to wind-tunnel and flight tests. The in-
vestlgation was made with the cooperation and financial
support of the National Advisory Committee for Aeronautics.

APPARATUS AND TESTS

The Venturi Tubes

Three single and three doubls venturi tubes were test-
ed. The single tubes were made by the Ploneer Instrument
Company for use in operating turn indicatorsy and were des-
ignated Pl, P2, and P3. The double venturi tubes, desig-
nated S4, S5, and Sg,were made Dby the Sperry Gyroscope
Companyy and afé ofYthe typve commonly used to operate di-~
rectiondl gyros and gyroscopic horizons. During the tests,
tube S6 was provided with a cylindrical fairing and was h
then degignated S7.

A diagram and a photograph of the single tube are
shown in figures 1 and 2, respectively. The air flows
from the lnstrument case through connecting tublng to the
venturi inlet and then through holes drilled in the venturi
base to an annular chamber surrounding the throat of the
tube. It then discharges through a cylindrical opening in-
to the air gtream.

The double tube (figs. 3 and 4) has a large and a
gsmall venturi tube coaxially mounted with the trailling
edge of the small tube well forward of the plane of the
throat of the larger one, Air from the venturi inlet pass-~
es through holes drilled in the bpate of the venturil tube
and discharges from an aannunlar chember in the throat of
the smaller unit. The external surface of the smaller
tube is cylindrical. Both the leading and trailing edges
of the larger one are flared.



N.A.C.A. Technmical Note No. 624

53]

Tests

The tubes were tested in the 3~foot wind tunnel of
the National Bureau of Standards at several dlfferent alr
speeds between 45 and 135 miles per hour to determlne‘

1. The flow-~suction characteristics and drag of
three venturl tubes of each type.

2. The effect of cylindrically fairing the external
surface of the larger unit of a double wven-
turi tube.

%« The effects of pitch and yaw on the suction char-
acteristics of a double venturi tube. o -

4. The pressure gradient obtalning along the internal
surface of the larger unit of a double venturi
tube. “_

With the cooperation of the Flight Test Section-at
the Naval Air Staticn, Anacostia, D.C., zdditional data
were obtained in flight on the flow-suction charscteris-
ticg of one of each type of venturi tube (P3 and P6G;.

Datoa were obtained at altitudes up to about 15,000 feet
and at indicated air speeds varylng from 70 to 160 mlles
per hour,

Each venturi tube was mounted in the wind tunnel on a
tubular support (fig. 5) attached to the mechanism used
for measuring the drag..  Air entered the line leading %o
the venturi tube from a large wall~plate opening in the )
side of the wind tunnel. It then passed through.a portion
cf the line containing the flowmeter and a manuvally oper-
ated flow~regulating valve to the tubular support, and
thence inte the venturi inlet. The pressure differénces
neceseary to determine the air speed in the wind tunnel,
the air flow in the line connected with the venturi tube,
and the suction develoned by the tube were measured by U-
tube manometers as shown in figure 5. The tests were made
with atmospheric pressures varying from 740 to 750 milli-

meters of mercury and at air temperatures varying from 250
to 35° C.

A fixed orifice was uged as a flowmeter for measuring
the rate of flow of air induced by the venturi tubes. The
flowmeter was calibrated against a dlsplacement—type gas
meter at several air densities, the calibraticn showing
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the maximum uncertainty in the measurement of the rate of-
flow to be less than 2 percent of the indicated rate.

In the flight tests the venturi tubes wore mounted on
a bracxet suspended between one sdét of interplane struts
on o bilplane, in a position well qutgido the glipstream of
the propoller., Tho air flowed from the flowmeter installed
in the cockpit of the airplane through linos of heavy-wallad
rubber tubing to the venturi tubes. Anoroid gages were ueod
to measurae the suction dovelopod by the tubes and the dif-
ferentlinl pressuroc across the flowmeter orifico.

When used to operate gyrogcopic instrumentsg,the venturi
tube is usually mounted on the airplane in the éiipstream of
the propeller where it is subJected to the maximum velocity

of the air. It is known that the average slipstream veloc~

ity may exceed the air speed of an alrplane by as much as

80 percent (reference 4). The effect of the fluctuations

in the velocity of the slipstream, due toc the action of the

propeller, on the performance of the tubes was not investi~

gated.

RESULTS

Wind-Tunnel.Tests

Unless otherwise stated,the suctions given in the re-
sults refer to the difference between the static pressure
in the wind tunnel and the pressuré¢ obtaining at the inlet
of the venturi tube, due allowance having been made for the
pressure drop between the point in:the line at which the
suction was measured and the venturi tubs.

wind-tunnel test of veaturi tube SS are shown in figure 6.
In the figure the observed suction is plotted against the
rate of flow of air obtained by varying the setting of the
manually operated flow-regulating valve while the Iindicated
air gpeed wds held constant. From these curves and similar
onos for tube P3, the curves of figures 7 and 8 wore pre-
pared. The abscisga in the latter figures is the lndicated
alr spced V; multiplied by the square root of the ratio

i
of tho standard sea-~lovel pressure - Py (29.92 inches of

mercury) to .the static pressurs Pg 1in the wind tunnel.

Each diagonal line is for a constant value of the ratio of
the suction § +to the static pressure p,.
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The variation in the performance characterigtics of
the three single.venturi tubes is shown in figure 9 for
the condition of no flow of air in the line (curves 4),
and for a line of flow of 1 cubic foot per minute Ccurves
B) at the ambient atmospheric pregssure. Similar data for
the three double venturi tubes and for the cylindrically
faired tude S7, are shown in figure 10 with the exception
that curves B are for a flow of 2 cubic feet per minute
measured at the ambient atmospheric pressure. The data
show marked variations in the performance of venturi tubes
of the same design which amounted to about 8 percent in
the air speed required to obtala a given gsuction,

An examination of the venturi tubes 1ndlcated that

the difforences in nerformance were due, not to varlations
in workmanship which would be evident in a casual inspec—
tion, but to small variations in the dimensions of the
tubes, particularly in the vicinity of the throat and in
the surface roughness of tho diverging cones. The de-
crease in the ratio of suction to impact pressure af high
air speceds as a result of roughness or dirt in ‘the throat
of vo%turi tubes, has been noted prev1ously (referendss™s -
and 8}, b

Drag.—~ Within the range and accuracy of tho tests,
the drag of the wventuri tubes was mroportional to the im-
vact presgsure gq, independcut of theo air flow through the
venturi inlot, that is, —

in which D 1is the drag, and By is a constant which may
be called the "drag coefficient."” The values of By ¥or
the vonturi tubos tested when D is 1n bounds and g¢q 1is
in pounds per sqguare foot, are given in table I, togother
with the approximate drag in pounds at -100 miles per hour.

TABLE I
Venturi tubo | Ba I Drag at 100 m.n.h.
(sg. ft.) (1p.) -
P1 1.8 x 10~% _ 0.47
P2 1.9 .49
P33 1.7 : « 44
S4 7.46 - l.94
85 7.54 . 1.96
56 7.62 1.98
87 5,2 1.35
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Pregsure drop in venturi vpassasos.- The magnitude of
the rosigtance of the nasﬁages in ithe base of tho wventuri

+trrhae +n0 +ha Plaw AF =23 v oo J-n-v\m-lv\nlq e manamiring tha
VW VO vV vl L LAY U.L ﬂ;-L-L WweLo U.U LR Ll L AL UL vy WO UL LM v ik

rroessure roqulred at the inlet to malntain a givon rate of
flow with the venturi tube stationary relative to the sur-
reunding air. Thig pregsure Ap, +varied as the square of
the rate of flow of air F at thad conditione of presgaure
and temperature obtaining during the tests in accordarce
with the following equation: -

Ap = K EE— F.a: ) (_2_)

&

where P is the average dengity of the air ih the pasg~
sages, Pg ig the standard density at sea level, and K

l1s a constant.

The values of the congtant X for the venturi tubes
tested, when Ap 1s in inches of mercury, and F 1ig in
cubic fest per minute, are given in table II. This con~
stant is numerically equal te the preussure drop in inches
of mercury for a flow of 1 cubic faot per minute at stand-~
ard density.

TABLE IT oo

Values of the comstant X in equation (2)

Venturl tube P1 P2 . P3 'S4 $6 . S6

K ' 0.154 { 0.153 0;146"0.093_ 0.098 ; 0.112

Piteh &nd yaw.-~ The effects of pitch and of yaw on
the suction characteristics of double tube 86 at an air
speed of about 96 miles per hour ar¢ shown in flgures 1l
and 12, respectively. The suction ig here plotited against
the piteh (or yaw) angle for three conditions: no flow of
ailr, flow of 1 cubic foot per minute, and flow of 2 cudlec
feet per minute referred 4o the ambient pressure. [In fig-
ure 1l g nosgitive pitch refers to an upward tilt of~the
leading edge of a tube mounted initially on a horizontal
surface, Yaw refers to a rotation af the instrument about
an axis perpendicular to the mounting plane. | The form of
these curves bears some resemblance to that ofcurves (ref-
erence 7) relating the variation of pitot-static 8ifferen-
tial pressure with yaw. In the light of these results and
the tests by Draper and Spilhaus (reference 3), great accu-
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LAY .
racy in aligﬁing the venturi tube with the air stream ap-
pears to be ' unnecessary.

Pressure digtribution along vonturi itubs.-~ The results
of the test made to determine the pressure distribution ob-
taining along the internal surface of the larger unit of
double wventuri tube S4, are gshown in figure 13 for air
gspeeds of 45 and 135 mlles per hour and for the condition
of zero 1nduced air flow. The pressure distribution is in-
depondent of the air speed at all points along the length
of the tube except in the vicinity of the throat of the
larger unit, where the pressure difference is greater at
the higher air speed. Tho over-all loss of head is of the
crder of the impact pressure. cav o

The wressures obtaining along the internal surface of
the larger unit of tube S4 during the foregoing test were
not apprecliadly affected by the flow of air through -the
line except in the immediaste vicinity of the throat. TFig-—
ure 14 shows the effect of flow on the suction at three
points for an air sveed of 135 miles per hour. Curve L

shows the suction at the throat of thke larger unit; curve |

S, the suction at the throat of the smaller dnit; and curve
P, the suction at the inlet on the bamze of the venturi tube.
It is seen that the suction at the throat of the larger“
unit falls off slightly with increase in flow while those
at the tharoat of the smaller unit and at the inlet £all off
much more rapidly; in fact, the suction at the throat of
the larger unit is greater than that at the throat of the

smalier one for flows in excess of 2.6 cubic feet per mlnﬂte.

Performance of nodified tube.~ It was found that cyl-
indrical fairing on the external surface 3f doudble venturi
tube 86, called S7 after fairing, reduced the drag by about
2?5 nmercont, and reduced the power develéped when there was
air flow by 25 to 30 percent. Ths suctions for no Induced
air flow and for a flow of 2 cubic feet per minute, are
shown as functions of impasct pressuré in Figure lO. The
decrease in suction combare&“iﬁathat of the unfaired FTube
(S6) is evident. It may be concluded that the operating
efficiency is not substantially increased by cy1indr1callv
falring the tube.

Flisght Tests

Thg results of flight tests on tube S6 are shown in
#£izure 15, The points shown in the flguro wero taken from
curves, simil-r to those of fisure 6, in which air flow at
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the venturi inlet was plotted against the ratioc of—guction
S to atmogpheric pressure p, for a given altitude and
0

?
for a given air gspeed. The dotted linses are the resgultsa

of wind—~tunnel tostg. -

An inspection of figure 15 ghows that the curves for
constant S/pa "move slightly to the right with lncreasc
in altitude., However, this manner of presenting the data
gives curves shich_.are more nearly indopendgnt, of altltude
than any of the other ways of preogentation Whigh were
tried. For many purposes the data at sea level so plotted
can be taken as invariant with altitude without introduc-~
ing serious error.

Figure 16 indicates that for .a given induced alr flow
s slngle curve of S/pa agalingil ,q/pa, or its equiva-

lent, Vi® ps/Dy, Tepresents the results obtained at all
altitudes. Here g 1is the dynamic préssure, pg and P,
are, respectively, the standard sea-level alr pressure and

the static pressure of the air surrounding the venturi
tube, and V; is the indicated alr speed. The agreement

is within the accuracy of the testg. Curve A is for sin-
gle tube P3 and curves B and C for double tube S56. In the
upper part of curve B, where the values of the ratio q/pa

are the highest, tha suction appesars to approach asg a lim-
itX a value in the neighborhood of.E/S_the atmospheric

nressure. This limit is considerably higher than that ob-

served by Peters for a Bruhn double-throat venturi tube
(reference 8).

Tho relation betwecen the quantity Vi‘//gi and the
volume rate of flow of air at the.venturi inlet obtainod
in the flight tests, is shown in figure 17. During the
tegte the flow-regulating valves ware kept at one setting,
i.es,; wide oven — an overating condition that may be lik-
ened to one particular installation of air-driven instru-
nent and connecting tubing. Within reasonable limits the
points all fall on straight lines through the origin,
showing the existence of a simple proportionality, inde-

F
/D
pendent of altitude, between. Vj //;é and the volume rate
v Pa

of flow induced by a venturil fube through a fixed systenm
of orifice and connecting tuding.

Flight-test data taken for the single venturi tube P3
are shown in curve A of figure 16, which shows the suction
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developed with no induced air flow. In figure 17, curve

4 shows the volume air flow with the control wvalve wide
open as a function of air speed times the square root of
the pressure ratio. These data are in qualitative agree-
ment with those for the double venturi tube in the extremse
cases of no induced air fiow and maximuwm air flow, and
would indicate that the conclusions reached for the doubley”
venturi ‘tube may be extended to the single tube. TComplete
flight-test data could 'not be obtained on tube P3 because
of accidental damage to the tube. Flight data were ob-—
tained on tube PEZ, which yielded curves gimilar to those
shown for tube P3. '

A windesftunnel test was made.wi@&tﬁghes S6 and P2 mount-
ed on a strut with the same bracket =& was used in the
flight test. Agreement between the flight test at sea lev~
el and the wind=-%funnel test was good in the case o0f the
tube S6. For tube P3 there was agreement in the suction o
developred with no induced flow, but the suction for a glven
flow in the flight test was much less than in the wind—tun-
nel test. The source of the discrepancy was not determined.

PERFORMANCE COEFFICIERTS AND EFFICIENCY

The nrincipal onerﬂtiﬂg nroperties of the venturi
tube vaen used asg a source of ‘sfiction may be exdressed in
terms of coefficients computed ﬁ“om ‘da%a obtained from
tests. These properties are: a) the static sudtion B,
developed with no induced air flowy ©b) the capacity in
terms of the volume rate of flow of air; and c) tne drag.

The suction coefficient B, is defined by the relﬁ~

tion

r w2
o]

=Sm=B a. 2 (3)

E\"W' i _
vhere S, 1is the suction'dev loped with no induced air

flow, and g, the &mpact wrossure. The suction coeffi-~’
cient is the equivalent of the, expression "relative per~"
formance” used in reference 6. Alternatively, — T

2o - o3, L (3a)
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where Sy/», and q/p, are the coordinates of figure 16,
A and B. It may be seen from this figure that By 1is

nearly independent of altitude and elr gpeed at air spoedn
between 75 and 150 miles per hour, and is a function of

P ,
Viv//;i or q/pé at greater air. speeds..
The flow coefficient By 1is defined as the ratio of

the volume air flow F referred to the'pressure obﬁaining
at the inlet, to the true air speed V; when the venturl

tube is overated so that the suction is Sy, that is:
F
= — - . 4
Be = g . (a)

P
The proportionality between F and Vs Eﬁ may be veri-
Ha
fied from figure 17. Since Vj / %ﬁ does not differ
H g,

greatly from the true air speed, it follows that this co~

efficient is nearly independent of the air speed and al-
titude. It has the dimonsions of area.

The drag coefficient By, d&fihed previously in the
section &n results, is the ratio of the drag D to the
impact pressure ¢gq. It also has the dimensions of area.

The power developed by a venturi tube is proportional
to the product of suetion and induced alr flow. The data
of figure 6 indicatc that at a fixod alr speed the maxlmum
power is very nearly thet developod when the tube. is oper-
ated at a suction which is half that obtained with no in- |
duced flow; that is, when S = S,.  Piorcy and Mines (rof~=—
erence 2) also call attontion to thig fact. Consequently,
the maximum cofficioney Ep mey bo exprcssed in termg of
the suction, flow, and drag cocfficicnts as follows:

Spf _ Bg3Br _ -
= = . ol - TR 5
S (5)

In a particular installation of venturi tudbe and gyro-
scopic instrument, for oxamvle, thét repregented by lino
H in fisure 8, the efficiency is approximately the same alb
2ll air speeds at a given saltitude. If an installation bo
so designed that the venturi tube aperates at a suction
about half taat for no induced air flow at any given air
speed, it will operate at veéry nearly tho maximum efficlon-~
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cy at 211 altitudes and air sneeds. The efficlency will
be less for installations operating at suctions much above
6r below half the static suctions

The values of the coefficients and efficiencies of
the 7 venturi tubes at sea level and at ah alr spesd of 80
miles Der hour, are listed in table III. iy
TABLE III

Performance Coefficients and Efficiencies of the

Venturl Tubes at Maximum Power Outout

Venturi tube Bg Be Bg E(max.)
; (sq. ft.2 L;q. fﬁ;) /percent)

P1 3.9 1.8 x 10~* 1.8 x 1072 3.9

P2 3.6 1.8 1.9 34

P3 3.8 2.0 1.7 4,5

S4 6.9 2.8 7.5 2.4

S5 8.0 2.8 7e5 2.8

56 7«8 2.8 7.6 2.9

g7 6.7 2.3 5.2 3.0

(faired)

The efficiency as given in the last column of table . ”
IIT is not directly comparable with that of the engine- -
driven vacuum pump since the efficiency of the latter is
usually ¢ompuited on the assumbtion that the mechanical
bump receives 1ts power directly from the engine of the
airplane. On the other hand, the power required by the
venturi tube is derived from the engine through the thrust -
dewe10ped by the propeller. Therefore the efficiencies B
given in the table should be multlbl ted by the efficiency -
facter of the propsller of tae alrpl ¢ before a direct
comparison ig made, ' S o

DISCUSSION

.

The ratio of impact presswre g %o the atmospheric
pregsure p, equals : '

1 . ]
=z VB2 - (6)
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in vwhich Pg 1is the amblient atmospheric denslty, and Vi

the true air gpeed. But

Pa _ Ps Ig : (7))
Pa Ps Ta ’
and
T P
v..2 & - y. 2@ 8 ’ (8)
t TB. 1 pa

whers pg and pgy are the standard sea-level atmospheric

dengity and pressure; Ty and Tg, the standard sea-
level and ambient atmospheric temperatures in degrees ab-
solute, respectively; and V3, the indicated air speed.

By substitution from equatioans (7) and (8) into equation
(6) there results:

1Py Ty T P
Lo 2 —£ dﬁ-vtg = ¢ -2 Vta = ¢ & Via (9)
It should be noted that in egquation (9) when Ty = T, or
Pg = Do, the ratio ¢/p, is directly proportional to
a 2 : . .
Vt or Vi s, Tresvectively.

. : 1y
Since the speed of sound is p¥oportional %o w/ @Q,
) - 8

———

/T oo . - :
the quantity Vi ./ Eﬁ is proportipnal to the ratio of the
a - . _ _ B,
true air speed to the spesed ofsound. It follows then, by
equation (9), that the abscissas of figures 7, 8, 15, 186,
and 17 are vroportiona]l to the ratia of the true air apeed
to the sveed of sound.

Compvarigson of altitude and gea-level data in figure
15 for the double venturi tube shows that the curves pre—
sented in figure 8 are approximetely independent of alti-
tude, or air density, within the air-gpeed range of the
tests. Figure 17 shows further that for a glvon orifice
in the line, the induced air flow is proportional to

5
Vi,//gﬁ. This fact may be extended with reasonable accu-
-

racy to include the case of a gyrascopic instrument and
tubing connected to the venturi tube.
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. The relation between volume air flow and suction for
typical gyroscopic instruments, together with connecting
tubing, was determined at the air pressurc obtaining ap-

- proximately at sea level and at that corresponding to a
standard altitude of 20,000 feet. In figure 8 the line
H roepresents sea~level dats for_a gyroscopic horizon with
connecting tubing across which the pressure drop was about
one-half that across the horizon. The line DG represents
the seap~ievel data for a directional gyroscope and tubing
across which the pressure drop was aboub one~fifth that
across the instrument alone. Data obtained at the higher
altitude ;ull below this line oxcopt at the higher velues

of Vi J’—*. The air flow and suction weré-meastred'at

the low pressure snd of the tubing and were therefore idon-
tical with the induced air flow and suction at the suction
inlet of the wventuri tube. R

As an example of a computation, assume an installation
of a diroctional gyro and tudbing having fthe performance’
given by line DG in figure 8 and operated by venturi tube
S6, %o determinc the suction and air flow at an indicated
air speed of 100 miles por hour at Zero altitude and ﬂt
15,000 feet. At zero altitude: -

Flow (at intersection of 100 m.p.h. line and
DG line) = 1.15 cu.,ft./min.

S/p, =.0.157 and S = 29.92 X 0.157 = 4.7 inches
of morcury.

At 15,000 feet:
a

p e . .
v, /=% = 100 29.92 _ 133 n.psh.
v 1~ p, 16.88 s P_

Flow 4at intorsection of 133 m.».h. line and DG
line) = 1.64 cu.ft./min. : -

v at 15,000 f£%. = 16.88 inches of mercury.

S/p, = 0.28 and § = 16.88 X 0.28 = 4.7 inches
of morcury. -



14 N.A.C.A. Tecchnical Note No. 624

From the altitude data in figures 8 and 15 the suction and
air flow at 15,000 feet are 5 percent lower than the wvalw-
ues computed adove for given alr speed.

While it 1s evident that altitude data on the perform-—
ance of both the gyroscopic instrument and the venturi tube
are required in order to determine accurately the perform-
ance of the combination at variows altitudes, it is also
evident that approximate precdictions of performance which
may be of considerable value may be made from sea-level
data on the venturi tube togother with data, either expor-—
imental or computed, on the suction air-flow characteris-—
tics of the gyroscopic instrument and tubing.

It shotld be noted in caleilating performance that
the air speed at the point at—which the venturi tube is in-
stalled must be uged Q%n installations where the tube is
in the slipstream thls ‘will be considerably larger than
the air speed of the airplane,

Complete data are not available.on the single-throat
venturi tube, so that no definite statement can be made as
to the eaccuracy with which the gea-level data such as given
in figure 7 glves the performance.at various altitudes.

CONCLUSIONS

The results of tho wind-tunnel and flight- tests on
the vonturi tubos led to the following general conclusions:

l. For constant values of the ratio of suction to
atmosphoric pressure the air flow is approximately a lin-
ear funcifion, independentof altitude for a double wventuri
tube, of the product of the indicated air .speed and the
square root of the ratio of standard alr pressure to thse
atmospheric pressure.

2. For-a given installation of an air-driven instru-—
ment connected to a venturi tube By means of tubing, the
volume rate of air flow is approximately proportional to
the 'product of indicated air speecd and the square root of
the ratio of a standard pressure to ambient nir pressure.
The ratio of the suction at the venturi inlet to the ambi-
ent alr pressure is a constant approximately independent
of altitude at a given air flow.
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3. TFrom the ‘abo¥e it follows that an approximate
prediction of the performance of a double venturi tube at
any anltitude may be made from data obtained at sea level,
For & single venturi tube the prediction of performancs
is' restricted to the relations given in paragraph (2) abovs.

4, The variation in the suction developed by individ=~
ual tubes of the same design at 2 given alr speed and in-
duced air flow amounts to about 20 percent.

5. The drag is proportional to the impact pressurse.

6e The effect produced by large angles of pitch and
¥aw on the psrformancse of venta tubes is negligible.

7« The apparent unper limit of suction with no in-

duced air flow for o double wventuri tube is approxlﬂately
2/3% the atmospheric pressure.

8. The npaxinum efficiency of the single venturi tube
is about 4 percent, that of the double venturi tube about
3 percent. The maximum efficiency at a given alr speed -
occurs when the wventuri tube is developing one~half the
suction at no induced air flow end falls off at suctions
above end below this value,

9s Fairing the external surface of one venturi tube

reduced the drag but also reduced the suction develope&

Natlonql Burezu of Stsndards, . St
Weshington, D. G., October 1937.°
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Diegran of the single~throat venturi tube.
Single~throat venturi tube.
Diagram of the double~throat venturi tube.
Double-~throat venturi tube.

Schematic diagram of installation in the wind

tunnel: W.P., wall-plate manometer; S, suc~

+ 3 mnn [T T m LT mer e oAt ~Aar e - AT A —
LAULL LalULiE B L, Ly 1L LOUW aelviiocoveo o, L Li g
balance; R, flow-regulating valve; O cali-

L]

)
brated orifice; P, tudbular suppert; V, ven—
turl tube. : :

Variation of suction with air flow at constant

indicated air speed in wind-tunnel test of )
Sperry wventuri tube S6. The air flow is ro-
duced to that at the pressure at the venturi
inlet. Tho room temperature ranged from 27459

to 34° ., and the barometric pressure wasg

29.8 inches of mercury. -

Porformance at sea level (29.92 inches of mercury,

09 %59 G.) of singlc venturi tube P3. Hers

P, 1s the static pressurc in the wind tunnel,

S 1s the suction at the venturi inlet with =~
reference to p,, V3 1is the indicated air
speed, and p_ is the standard sea-level pres—

cure (29.92 inches of mercury). Relation be~
tween air flow and Vi ps/pa is given for the

constant values of (Ejpa indicated by the num-
bers on the curves. = o }

~——

Performance ot sea level'TZQ.QE inches of mercury,

30° %5° C.) of double venturi tube S6. Here
P, is the atmospheric pressure in the wind tun-
nel, pg 1s the standard sea-level pressure L
(29.92 inghes of mereury), Vi is the indicated
air speed, and S 1is the suction with refer—
ence to p,. Relation between alr flow and

Vs Ps/pa is given for the constant values of

S/pg, indicated by the numbers on the curves.
(Continued on p. 18.)
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LEGENDS (Cont.)

Lines E (horizon) and DG (directional gyro) show
the performance for two typical installationg,
in which an air-driven gyroscoplc instrument
is coannected by tubing.

Variation of suction with impact pressure for _
three single venturi tubes of similar design.
Curves A show the suction for zero air flow.
Curves B show the suction developed with on air
flow of 1 cubic fvot par minute measured at
standard conditions.

Variation of suction with impact pressure for,
three double-venturi tubes of similar design.
Curves A show the suction for gero air flow; -
curves B for an air flow of 2 cubic feet per _
minute at 29.92 inches of mercury and 30° *5° ¢, L

Tube 57 is tube S6 cylindrically faired. .

Effect of pitch on the suction developed dy dou-
ble~venturi tube S8 at a true ailr speesd of 96 ...
miles per hour. Air flows are those at atmos-—
pheric pregsure. ‘

Effoct of yaw on the suction developed by double-
venturi tube S6 at an air speed of 96 miles per
hour. Air flows are those at atmospheric pres—
SUTE .

The pressure distridbution along tube 5S4, where p,

is the static pressure at openings at points
along the length of the ounter tube and p, 1s

the statlic preseure in the wind tunnel, Curve
A was obtained at an ailr speed of 45 miles per
houry and curve B, at 135 miles per hour.

Effect of the air flow in the line on the suctlon _
developed at three points on tube S4 at an alr -
gspeed of 125 miles per hour. OCurves L and S -
gshow the guctions obtaining at the throats of
the outer and inner units, respectively; curve
F, that at the suction inlet of the tube.
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LEGENDS (Cont.)

Fliight—-test data on tube S6. The full lines show
the flight~tegt data at 7,500 feet for the stat-
ed values of S§/p,, where § 1is the suction

and Py is the atmospheric pressure, both in

inches of mercury. The dotted lines present
the wind-tunnel data. The indicated air speed
is Vi; the standard sea-level pressure is Pg-

Data on suction obtained in a flight test and
wind-tunnel tests at altitudes up to 15,000 )
feet. OCurve A is for a single—~ and curve B for
a double-venturi tube, both with zero air flow.
Curve C is for the double tube with a volume
air flow at the venturi inlet of 2 cubic feet
per minuts. The indicated ailr speed ig Vi;

p, and p_  are the standard sea-lewel and am-

bient air pressures, réépectively, in centi-
grade degrees abgolute.

Tho air flow induced by venturi tubes through a
fixed combination of orifice and tubing during
flight tests at altitudes up to 15,000 feet.
Curve A is for single tube (P3); curve B, for
double tube (S6). '
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Single~throat venturi tube.

F

Figure

Figure 4,- Doubla-throaf veanturi tube,
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